Abstract The coexistence of obesity (body mass index, BMI ≥ 30kg/m 2 ) and underweight (BMI ≤ 20kg/m 2 ) and related factors were investigated among all residents aged 60+ years in Bambuí, Minas Gerais State, using multinomial logistic regression. 1,451 (85.5%) 
Introduction
Epidemiological, demographic, and nutritional transitions are taking place in many developing countries. The elderly population is already the fastest-growing group in Brazil, and increases of up to 300% in the older population are expected in many developing countries within the next 30 years, especially in Latin America and Asia (Truelsen et al., 2001 ). Diets and activity patterns are also changing rapidly in most developing countries and problems of obesity and malnutrition are likely to coexist, as are communicable and non-communicable diseases (Darnton-Hill & Coyne, 1998) , especially in countries with great socioeconomic disparities such as Brazil. In fact, the concomitance of malnutrition and obesity has been reported in a very low-income population in Northeast Brazil (Florêncio et al., 2001) . In addition, a worrisome increase in the prevalence of obesity has been observed in three Brazilian surveys conducted between 1973 and 1996 (Lotufo, 2000) .
Epidemiological studies on nutrition in the elderly indicate that both overweight and underweight measured by body mass index (BMI) are associated with greater risk of morbidity and mortality (Vellas et al., 1997) . Overall, the relationship between BMI and all-cause mortality has been described as U-or J-shaped (Vellas et al., 1997; Visscher et al., 2000; WHO, 1998) . Epidemiological studies of minimal mortality points in relation to BMI in developed countries suggest that the "best" BMI (the nadir in the "U-curve") gradually increases with age in both genders, with no consistent differences between men and women (Visscher et al., 2000) .
Despite being an important predictor of morbidity and mortality in seniors, little is known about the anthropometry of aging and possible weight-related health conditions among the elderly in a context of epidemiological transition. This study describes the distribution of BMI among the elderly in a community and investigates the association of obesity and underweight with selected health conditions and socioeconomic differences in this group.
Methods
The present study analyzes the baseline data of the Bambuí Health and Aging Study (BHAS), a population-based cohort study of older adults (60+ years) in Brazil (Lima-Costa et al., 2000) .
The study involved the elderly population living in Bambuí town, Minas Gerais State, Southeast Brazil. The municipality of Bambuí had some 15,000 inhabitants in the urban area (or Bambuí town proper) in 1991. Bambuí was formerly an important endemic area for Chagas disease. Even though transmission of Trypanosoma cruzi was interrupted around 20 years ago, prevalence of the infection remains high among the elderly (38%) because of a cohort effect (Lima-Costa et al., 2002) . The main causes of death in this municipality in 1996 were stroke, Chagas disease, ischemic heart disease, and chronic obstructive pulmonary disease (Lima-Costa et al., 2000) .
A complete census was conducted in Bambuí town in November and December 1996 for the identification of elderly participants in the baseline cohort study. All residents aged 60+ years (n = 1,742) were selected for interviews and examination (blood tests and anthropometric and blood pressure measurements) (Lima-Costa et al., 2000) .
The following variables from the baseline interview were included in this study: (1) sociodemographic characteristics (age, gender, marital status, schooling, and monthly income); (2) lifestyle (current smoking status and physical activity); (3) self-rated health in the previous 6 months; (4) health services indicators (doctor visits in past 12 months and hospitalizations in past 12 months). Monthly family income was reported as "number of times the prevailing Brazilian monthly minimum wage" (approximately US$ 100).
When an elderly participant could not be interviewed because of cognitive deficit or for some other health reason, an appropriate proxy was used. Proxy respondents were not asked personal questions that required a subjective statement.
Anthropometric measures were performed by specially trained health technicians, using standard equipment, with individuals wearing light clothing and no shoes. Weight (kg), height (cm), waist circumference (cm), and hip circumference (cm) were measured with individuals wearing light clothing. The reliability of these measurements was ascertained repeating them in a 5% sample of all participants. Two high-precision digital scales (range 0-150kg x 0.1kg) and a CMS Portable Stadiometer kit (CMS Weighing Equipment Ltd., London) were employed for anthropometric measurements.
Blood pressure (BP) was measured 30 or more minutes after the last caffeine intake or cigarette smoked. Three measurements were taken after 5 minutes of initial rest and subsequently at 2-minute intervals. BP was defined as the arithmetic mean of the second and third measurements. Hypertension was defined as diastolic blood pressure (DBP) ≥ 90mmHg and/or systolic blood pressure (SBP) ≥ 140mmHg and/ or current use of antihypertensive medication at the time of interview ( JNC, 1993) . Further details have been published elsewhere (Barreto et al., 2001 ).
Blood samples were collected after 12-hour fasting. Plasma glucose levels were determined using an automated analyzer (Eclipse Vitalab, Merck, Netherlands). Diabetes was defined as fasting blood glucose ≥ 126mg/dl and/or current use of hypoglycemic medication. Hematological tests were performed with an electronic counter (Coulter Counter T890, United States). Anemia was defined as hemoglobin levels < 12mg% for women and < 13 mg% for men (Tietz et al., 1992) . The presence of T. cruzi antibodies was detected using an indirect hemagglutination test and an enzyme-linked immunosorbent assay (Biolab and Abbott Brazil, respectively). T. cruzi infection was defined when the serum samples showed positive results in both serological tests.
Descriptive statistics were used to fully explore the data. One sample t-test was used for comparisons between means and designedbased Pearson chi-square test for proportions. Since we lack population-based weight and height parameters for Brazilian elderly, and because there is no consensus in the literature with respect to the definition of underweight for elderly (Heiat et al., 2001; Inelmen et al., 2000; Murasco & Bernstein, 1998) , we defined underweight and obesity as the mean body mass index (BMI = weight/height squared) ± one standard deviation. In this community these cut-off values were 20 and 30kg/m 2 , respectively.
Because the dependent variable is composed of three categories (BMI ≤ 20, BMI ≥ 30, and 20 > BMI < 30kg/m 2 ), we employed multinomial logistic regression techniques to estimate the association of BMI with independent variables (Hamilton, 1993) . BMI over 20 and less than 30kg/m 2 was taken as the reference category. The analysis was carried out using the Stata statistical software.
This study was conducted according to the Helsinki Declaration and approved by the Ethics Committee of the Oswaldo Cruz Foundation. Participation was voluntary, and a signed informed consent form was obtained. Interviews, physical measurements, and blood tests were conducted from January to August 1997 (LimaCosta et al., 2000) .
OBESITY AND UNDERWEIGHT AMONG BRAZILIAN ELDERLY

Results
From a total of 1,742 residents aged 60+ years, 1,443 (83.1%) participated in this study. Table 1 shows the BMI (kg/m 2 ) distribution for men and women by age group. Mean total BMI was 25.0kg/m 2 (SD = 4.9), was lower for males than females, and decreased significantly with age. A total of 208 (14.4%) individuals were underweight (BMI ≤ 20kg/m 2 ) and 185 (12.8%) were obese (BMI ≥ 30kg/m 2 ). Figure 1 shows the prevalence of underweight and obesity according to age group for men and women. Obesity was more common among women, and prevalence decreased with age, but this decrease was only statistically significant among women. Unlike underweight, the initial analysis shows that obesity was more common among individuals with higher income and educational levels. Age-adjusted OR of obesity were 2.39 (95% CI: 1.38-4.16) for individuals with monthly income ≥ 6 times the Brazilian minimum wage (± US$600) and 3.02 (95% CI: 1.69-5.4) for those with 8+ years of schooling.
Underweight was significantly more common among men than women and increased directly with age in both genders. There was a highly statistically significant declining trend in the age-and sex-adjusted prevalence of underweight with increasing income and schooling: OR of 0.50 (0.31-0.82), 0.31 (0.13-0.74), and 0.28 (0.12-0.66) for monthly family income equal to 2-3.9, 4-5.9, and ≥ 6 times the Brazilian minimum wage and OR equal to 0.60 (0.42-0.86), 0.54 (0.37-0.79), and 0.15 (0.06-0.45) for zero, 1-3, 4-7, and 8+ years of schooling, respectively. Since income and schooling are highly correlated (χ 2 = 327; p < 0.001) and data on income were missing for a few participants, only schooling was entered in the multivariate analysis. There were no significant gender differences in the direction and magnitude of the associations of obesity and underweight with the factors presented in Table 2 and 3. Therefore, the results of the multivariate analysis are presented jointly for men and women and adjusted for gender. Table 2 shows the results of the multivariate analysis of underweight and obesity in relation to social-demographic characteristics, lifestyle factors, and selected health conditions. Obesity was positively and significantly associated with physical inactivity, hypertension, and diabetes and negatively associated with anemia. Underweight was inversely and significantly associated with hypertension and diabetes. It was much more frequent among smokers and especially among former smokers, as well as those with T. cruzi infection and with anemia.
Analysis of health perception and health care use (Table 3) shows that obese individuals tend to self-rate their health worse than those in the reference BMI category, but this difference was not statistically significant for underweight individuals. It also shows that underweight individuals report more hospitalizations in the previous 12 months, while obese persons reported more doctor visits during the previous year.
Discussion
We found a considerable prevalence of obesity and underweight in this community, with a slightly greater preponderance of the latter. Age and gender characteristics associated with both obesity and underweight in our study are consistent with results from other studies (Ostbye et al., 1995; Visscher et al., 2000) .
Obesity is a growing problem even in developing regions like ours. It varies greatly between countries and is more common in females and in urban populations. In this community the prevalence of obesity is closer to that found among adults in Europe (Seidell & Flegal, 1997) and in India (Zargar et al., 2000) . However, unlike many developed countries, in this elderly community obesity was more common among non-poor as compared to poor individuals ( James et al., 1997; Michaud et al., 1998) . The combination of obesity with better socioeconomic condition has also been described in other studies in Brazil (Monteiro et al., 2002; Sichieri et al., 1994) and in other developing countries. In China and India, higher income levels, particularly in urban areas, were also associated with consumption of a more fat-rich diet and with problems of obesity (Mehta & Shingarpure, 2000; Popkin et al., 1993) . Excess weight seems to appear first among the affluent and then among low-income classes. The main causes appear to be a nutritional transition to lipid-rich diets combined with reduced physical activity.
Our results show that obesity is positively associated with hypertension and diabetes. Obesity is a complex metabolic disorder frequently associated with insulin resistance, hyperinsulinemia, accelerated atherosclerosis, hypertension, and type II diabetes (Solomon & Manson, 1997) . The association between obesity and inactivity has also been described in other studies. Actually, decreased level of over- Table 2 Association of underweight and obesity with selected characteristics in the multivariate analysis (Reference category: 20 kg/m 2 < BMI < 30kg/m 2 ). BHAS, 1997.
Factors
Reference group Underweight Underweight Obesity Obesity (n = 1,050) (n = 208) OR a (95% CI) (n = 185) OR a (95% CI) all physical activity is a major contributor to the rise in overweight and obesity rates. According to a report from the WHO (1998), lack of exercise and obesity contribute to up to one third of colon, breast, kidney, and digestivetract cancers. However, the relative risk of death associated with excess adiposity appears to be less for older than for younger and middleaged adults (Heiat et al., 2001; Stevens et al., 1999) . Actually, epidemiological studies do not support overweight (BMI = 25-29kg/m 2 ), as opposed to obesity (≥ 30kg/m 2 ), as conferring an excess mortality risk to the elderly (Heiat et al., 2001; Reynolds et al., 1999) . Obese elderly reported more doctor visits and perceived their health worse than those in the normal weight range. It has been observed that obese people tend to have more health problems and rate their health as fair or poor (Ostbye et al., 1995) . Perhaps these two factors express the same feeling of poor health and a tendency of modern society to indistinctly condemn overweight.
Gender
While obesity was more common among families earning around US$600 or more per month, the prevalence of underweight increased inversely with monthly family income, with a highly significant linear trend. Malnutrition is a serious threat to elderly life because it can lead to lower physical strength, greater inactivity, higher risk of accidents, and a weakened immune system, among other health problems (Chandra, 1992; James et al., 1997) .
The increased number of hospitalizations among underweight individuals may be an indicator of worse health conditions in this group. Nutritional deficiencies, frequently observed among the frail elderly, have been associated with increased morbidity and dependency. Protein-energy malnutrition appears to be a strong independent risk factor for nonelective hospital readmission, especially among the highest-risk patients, those who are functionally independent and cognitively intact (Sullivan, 1992) . It has been argued that the inverse association of weight and mortality in old age is related to smoking and reflects illnessrelated weight loss. In a longitudinal study, elderly women with lower energy intake than recommended by international organizations in 1980 were three times more likely to die in 10 years than those with satisfactory energy intake (Vellas et al., 1997) .
The heterogeneity of the elderly population and the high prevalence of chronic and infectious diseases may affect (and be affected) by the nutritional status of the population and deserves further investigation. In this Brazilian community, the burden of Chagas disease was particularly great for the elderly (Lima-Costa, 2002), and the increased association of T. cruzi infection with underweight suggests that this group is significantly more affected by this important health problem.
The cut-points that we used to define underweight and obesity may be conservative. A meta-analysis of the relationship between body weight and all-cause mortality has identified an increased risk of death among older adults with BMI < 23 or > 28kg/m 2 (Troiano et al., 1996) . With these references, the prevalence of underweight in this community would increase to 35.0% and of obesity to 24.8%, with underweight being more prevalent among individuals with T. cruzi infection (43.1% vs. 30.2%, p < 0.001).
In this study we found an inverse association between BMI and education and income, unlike reports from developed countries (Ostbye et al., 1995; Seidell & Flegal, 1997) . A similar inverse association was also reported in India and appears to express the huge socioeconomic disparities existing in most developing countries (Zargar et al., 2000) . The economic gap between the rich and poor nations is growing. Meanwhile, income disparity is growing within most countries, especially among developing ones (Darnton-Hill & Coyne, 1998) . Brazil is one of the countries with the greatest socioeconomic inequalities in the world. Over 50 million Brazilians live below the poverty line (Barros et al., 1999) . Elderly people are particularly vulnerable to malnutrition. Even considering that aging is an uneven process, occurring more rapidly among the rich than the poor, the coexistence of aging with poverty might lead to an increase in nutritional deficiencies and health-related problems among the elderly.
